Abstract. Napaldet JT, Buot Jr. IE, Zafaralla MT, Lit Jr. IL, Sotto RC . 2019. Effect of phytoremediation on the morpho-anatomical characters of some aquatic macrophytes. Biodiversitas 20: 1289Biodiversitas 20: -1302. In constructed wetland studies, the effect of pollutants or the phytoremediation set-up on aquatic macrophytes is often not investigated. This literature gap may prove useful in realizing the full phytoremediation potential of aquatic macrophytes. This study was conducted to examine the effect of phytoremediation, the set-up, and the pollutants, on the morpho-anatomical characters of aquatic macrophytes used in the constructed wetlands. This was investigated in Amaranthus spinosus, Eichhornia crassipes, Eleusine indica, and Pennisetum purpureum. Simultaneously, interesting anatomical features in the aquatic macrophytes were discovered. Anomalous secondary growth was discovered in roots and stems of A. spinosus while isobilateral anatomy of the leaf with two layers of vascular bundles and two palisade layers under each epidermis were noted in E. crassipes. The anatomy of P. purpureum was also first reported here. Results showed that the response of the aquatic macrophytes toward phytoremediation treatments was species-specific. E. indica and P. purpureum were the ones significantly affected by the phytoremediation treatment in contrasting ways. E. indica under phytoremediation suffered significantly lower growth rate than those in the uncontaminated site which could be attributed to the inability of its relatively short root system to tap into the water and nutrients. On the other hand, P. purpureum exhibited higher biomass and growth rate under phytoremediation treatment which is primarily due to the water pollutants absorbed as nutrients by the plant. There were no structural differences observed in the anatomy of the aquatic macrophytes between sampling sites except in E. indica. The root's cortex in samples under phytoremediation has no aerenchyma while this is present in uncontaminated site and Balili River samples. This shows that, indeed, some aquatic macrophytes were significantly affected (p=0.00) by phytoremediation that should be taken in consideration when planning and designing constructed wetlands.
INTRODUCTION
Phytoremediation, an emerging cost-effective, nonintrusive, and aesthetically pleasing technology, that uses the remarkable ability of plants to concentrate elements and compounds from the environment and to metabolize various molecules in their tissues, appears very promising for the removal of pollutants from the environment (Alkorta et al. 2004; Tulod et al. 2012) . Several plants had been documented to be ideal or viable phytoremediators in mine tailings such as Armeria maritima, Ambrosia artemisiifolia, Brassica juncea, Brassica napus, Brassica oleracea, Festuca ovina, Helianthus annuus, Thalspiro tundifolium, Triticum aestivum, Zea mays, among those reported and in constructed wetlands, usually Typha spp. and Phragmites australis had been reported. In another publication, the authors reported the promising potential of Amaranthus spinosus, Eichhornia crassipes, Eleusine indica and Pennisetum purpureum for phytoremediation of Balili River in La Trinidad, Benguet, Philippines.
Usually, phytoremediation studies are primarily focused on the pollution reduction action of the pants, with less emphasis on the effect of the pollutant or phytoremediation set-up to the plants themselves (ala landscape ecology). In mine tailings or heavy metal studies, some efforts have been conducted to document the effects of the heavy metals to the growth and anatomy of the plants. For example, Bini et al. (2012) discovered significant reduction in the leaf thickness, changes in intercellular spaces and in cell structural organization in Taraxacum officinale growing on mixed sulfides (Cu, Fe, Pb, Zn) mine waste.
But in constructed wetland studies, none was cited examining the effects of the phytoremediation, either the set-up or the pollutants, to the aquatic macrophytes used. This shows a glaring gap in literature documenting how aquatic macrophytes adopt or cope with the stress brought by pollutants introduced in the constructed wetlands. It's universally known that plants have the natural ability to adapt to physical and chemical changes in their environment but with the environment increasingly being dominated by human, several man-made stresses are now besetting these plant (Mganga 2011) . Understanding the effect of phytoremediation treatments, as stress, on aquatic macrophytes is vital in designing a set-up that would minimize the detrimental stress on the plants while at the same time realizing the full phytoremediation potential of the plants which would result to more efficient clean-up of the contaminants. Thus this study was conceptualized to examine the effects of phytoremediation on the morphoanatomical characters of A. spinosus, E. crassipes, E. indica, and P. purpureum. This endeavor also yielded important anatomical characterization of the said species as these were not yet addressed in existing literature.
MATERIALS AND METHODS

Sampling of aquatic macrophytes and the phytoremediation treatment
Individuals of A. spinosus, E. crassipes, E. indica and P. purpureum used in the phytoremediation study were derived from uncontaminated sites. For A. spinosus, E. indica and P. purpureum, individuals were derived from Barangay Tawang while individuals of E. crassipes were gathered from nearby pond in Tabangaoen, Balili, La Trinidad, the Philippines (Figure 1 ). These macrophytes were planted in pilot-scale constructed wetlands to determine their phytoremediation performance in improving the water quality of Balili River. Each macrophyte was planted in individual constructed wetland (CW), of which the design was patterned after Bai et al.'s (2016) study.
After acclimatizing the plants in the CW, wastewater from Balili River was allowed to flow in it and thereby allowing the macrophytes to absorb the pollutants in the water. To determine the phytoremediation performance of the plant, the water quality before and after the water pass through the CW was assessed and the pollution reduction efficiency was determined. The performance of these macrophytes and the details of the pilot-scale constructed wetlands were reported in another article.
After observing the phytoremediation performance of the macrophytes for 2 months, samples from the treatment sites (hereto referred to TrA samples) were gathered for morpho-anatomical characterization.
Simultaneously, samples of same species were gathered from the source uncontaminated sites (hereto referred as Uncon samples) and from Balili River (hereto referred as Balili samples), except for E. crassipes which does not naturally occur in Balili River. The morpho-anatomical characterization was compared between the three samples with the assumption that such comparison would show the possible effects of the phytoremediation treatment to the macrophytes themselves. 
LOCATION OF STUDY SITES
Morpho-anatomical characterization
Several morphological and anatomical features of the test plants were compared between the three sampling sites. These could serve as the plant's functional traits that may indicate how these macrophytes respond to pollutants in the constructed wetland. These include certain leaf, stem and root measurements. For the leaf, length, width, leaf area, specific leaf area, leaf thickness, and stomatal density were measured. Stem or culm diameter was also measured. For the root, specific root length, maximum rooting depth, lateral extent, and intensity of exploration were measured. These parameters were determined following the standardized measurement of plant functional traits developed by Perez-Harguindeguy et al. (2013) . The minimum required 5 individuals or samples per test plants were followed in the study.
For anatomical investigation, cross-sections of the different plant organs were derived and observed under light microscopy. Anatomical features of the plants were compared among test individuals vs. individuals found in the river vs. individuals in uncontaminated sites.
Data analysis
Data gathered were subjected to appropriate statistical analyses such as Analysis of Variance (ANOVA) which determined significant differences between treatments followed by Tukey's HSD, as a Post Hoc Test. Additionally, Canonical Correspondence Analysis was performed in P. purpeum only to determine the environmental factors that affected its morpho-anatomical traits in the different collection site.
RESULTS AND DISCUSSION
Morpho-anatomical characterization of the local aquatic macrophytes
The morpho-anatomical features of the local aquatic macrophytes were first discussed as these were not yet addressed in available literature amidst their prevalence and economic and ecological importance.
Eichhornia crassipes (Mart) Solms.
The plant is floating herb with short leafy stem and fibrous black roots. Leaves are radical, rosulate; petiole spongy and bulbous in or near the middle; blade broadly ovate or rhomboid; base cordate, truncate, rounded or broadly cuneate; apex rounded, truncate or emarginated; fine and densely curvi-nerved.
Anatomical characterization of E. crassipes in the study provided detailed features of the plant as there was very few literatures describing it amidst the widely recognized economic and ecological importance of the plant. Hanif et al. (2017) initially described this plant but only superficially not including the cross-section (x.s) of the leaf, offshoot, and the roots. In this study, cross sections of the root showed a typical monocotyledon root (Figure 2 .F). The epidermis, consists of single layer of rectangular cells, forms the outermost covering followed by a wide cortex, then the vascular cylinder. The cortex consists of 3-4 layers of hexagonal, large parenchyma cells followed by a wide expanse of aerenchyma tissues, then by 3-5 layers of smaller circular parenchyma. After the cortex lies the endodermis, composed of a single layer of cells lined with Casparian strip. However, the Casparian strip in E. crassipes is not as prominent as those commonly observed in monocot roots. This would most likely result in faster absorption of materials (water, nutrient, including heavy metals) which could help account for the plant's fast growth rate and its ability to absorb and accommodate pollutants. Within the endodermis is the stele which is composed of pericycle, vascular bundles, and pith. The pericycle consists of a single layer of meristematic cells that give rise to lateral roots. The vascular bundles consist of alternating phloem with exarch xylem surrounding a well-defined pith. Metaxylem elements are located at inner portion with the protoxylem at the outer portion.
The offshoot (Figure 2 .E), a modified stem for asexual reproduction of new individuals, exhibits the common atactostele arrangement with some modifications. The single-layer epidermis covered with thick cuticle forms the outermost covering, followed by ground tissues that is interspersed with vascular bundles. But unlike common monocot stem, there are several air spaces in the ground tissues and at the central portion, the parenchyma cells are laden with starch grains which are most likely supplied to the growing bud at the tip of the offshoot. The bulbous petiole (Figure 2 .D) is similar in structure except that the air spaces are more extensive and interconnected forming aerenchyma tissues. Layers of photosynthetic cells are observed under the epidermis which signifies that the bulbous petiole did not only function for aeration and flotation but also for photosynthesis.
The leaf of E. crassipes (Figure 2 .C) exhibits isobilateral anatomy where there are two palisade layers under each epidermis, a trait uncommon in monocot leaf. Each palisade layer is composed of elongated tightly packed cells, but the upper palisade layer has longer and more layer of cells. The presence of two parallel palisade layers enables the plant to maximize photosynthesis with the upper palisade capturing sunlight directly while the lower palisade captures light reflected by the water. This could be one of the traits that account for the plant's success. The spongy layer with large air spaces is located in the middle. These air spaces are connected to the aerenchyma tissues of the bulbous petiole and roots. Amaranthus spinosus L. Samples of A. spinosus used in the study were consistent with the earlier description by Pancho and Obien (1995) . It is a stout, glabrous, branched annual armed with slender axillary spines and with well-defined taproot system. Leaves exstipulate, long-petioled, oblong to ovate to elliptic; base obtuse; apex acute; margin undulates. Flowers in axillary clusters or elongated terminal dense spike, green or greenish white, the setaceous bracts as long or longer than the five sepals, ovary oblong; styles usually 3, sometimes 2.
Its anatomical characterization proved to be timely since this was not yet thoroughly addressed in existing literature. The root and stem exhibited anomalous secondary growth of successive supernumerary cambia pattern that is similar with Beta vulgaris (Rapoport and Loomis 1986) . Embedded cambia in the pith-like parenchymatous core give rise to scattered vascular bundles surrounded by large parenchyma cells ( The stem is also covered by a single-layered epidermis followed by the cortex (Figure 3 .C). The cortex consists of 4-5 layers of thick-walled collenchyma followed by 2-3 layers of large parenchyma. After the cortex is the ring-like vascular bundles and within that, the anomalous secondary growth is observed where vascular bundles are scattered within a pith-like parenchymatous core. This structure is similar to Amaranthus viridis described by Warif et al. (2014) but they failed to account for the anomalous secondary growth. On the other hand, the leaf exhibits an undivided mesophyll which is uncommon in dicots ( Figure  3 .B). The midrib is conspicuous with 2-4 vascular bundles separated by large parenchyma cells. The stomata are of ranunculaceous type where the stomata are surrounded by irregularly-shaped cells (Figure 3.A) .
The plant is a stout, tufted, erect glabrous annual with fibrous root system. Leaves linear, sometimes involute when dry, distichous, rather flaccid, the sheaths flattened. Flowers in terminal spike, whorled or one or two down; spikelets very numerous, crowded, 3-5 flowered, the first glume 1-nerved, small, the second 3-nerved, the third and succeeding ones ovate, acute.
Anatomical characterization of E. indica revealed siphonostele roots, atactostele stem and an undivided mesophyll in the leaf. The root (Figure 4 .C) exhibits a typical monocot root with a uniseriate epidermis as the outermost cover, followed by a parenchymatous cortex, then the stele. Several root hairs arise from the epidermis. 
Pennisetum purpureum Schumach.
A robust, perennial grass with long culms that can form thick clusters. Leaf sheaths glabrous or with tubercle-based hairs on upper surface; blade elongated, usually with short, fine tubercle-based hairs on upper surface. Inflorescence a briskly false spike up to 30 cm long, dense, usually yellowbrown; involucres sessile or numerous, bristles of unequal length, one usually stouter and much longer than the rest, scrabrid; spikelets 4.5-6 mm long, glabrous, solitary, sessile or in cluster of 2-5; glumes unequal, 1-nerved or nerveless; lower florets staminate or sterile, the lemma usually 1-3 nerved; upper lemma 5-nerved, acuminate or short-awned.
Anatomical observation of P. purpureum proved to be timely since this was not yet addressed in existing literature. The root (Figure 5 .F) exhibits a typical monocot root with a uniseriate epidermis as the outermost cover, followed by a parenchymatous cortex, then the stele. Aerenchyma tissues were present in the cortex indicating water-logged conditions of their soil. The endodermis, the innermost layer of the cortex, is distinct from a visible Casparian strip. This is followed by the pericycle which is composed of thin, single layer of cells, then by vascular bundles surrounding the pith at the centremost core. The vascular bundles consist of alternating series of exarch xylem and the phloem in between. 
Response of the local aquatic macrophytes to the phytoremediation treatment
The responses of the local macrophytes to the phytoremediation set-up used in the study were speciesspecific as shown on how their morpho-anatomical features differed between the three sampling sites.
TrA samples of E. crassipes, the ones used in phytoremediation, were compared only with those in the nearby pond since none naturally occur in Balili River (Table 1) . Plant height ranged from 8-20 cm with TrA samples being significantly longer but could just be attributed to plant's plasticity. Root-mass fraction, which signifies allocation of plants resources to root, did not differ among the samples. Root length ranged from 7-25 cm with lateral extent of 4-8 cm. Specific root length (SRL) was significantly higher in TrA samples than Uncon samples. Higher SRL usually connotes higher nutrient uptake and higher growth rate (Perez-Harguindeguy et al. 2013) but the case of TrA samples is mainly attributed to their less dense root systems. On the other hand, the leaf blade was 3.5-7.5 cm long by 5.4-8.5 cm wide. Specific leaf area (SLA) was higher in Uncon samples, though not statistically significant. Higher SLA is positively correlated with fast growth rate and nutrient rich-environment, thus its difference between TrA and Uncon samples, if significant, could have signified stress brought by phytoremediation treatment. Also, leaf biomass, thickness, and stomatal density did not differ significantly between samples. Stomatal density in the abaxial (lower) epidermis is almost equal with the adaxial (upper) epidermis showing an amphistomatic distribution. This is contrary to the generalization that aquatic plants generally have epistomatic distribution or greater stomata in the upper than the lower epidermis.
Comparison of the morphological and anatomical features of E. crassipes between TrA and Uncon samples revealed no significant difference, statistically and structurally, showing that the phytoremediation treatment did not significantly affect the plant. Nonetheless, the characterization showed new and interesting information about E. crassipes such as SLA, root-mass fraction and the anatomy of the leaf, offshoot, and root.
Amaranthus spinosus L.
Results of the morphological comparison between the three samples were shown in Table 1 . Plant height ranged from 0.45 to 1.75 m with significantly longer individuals from Balili samples. Root-mass fraction was significantly higher in TrA samples which indicate greater investment of the plant in the roots for nutrient absorption. This would also indicate the high organic matter in Balili River, wherein the plants here need not spend a lot of resources in their roots for absorption. Root depth ranged from 0.19: 0.35 m while SRL at 3-9 mg/mm 2 with no significant differences between the samples. However, lateral extent of the root was significantly higher in Balili samples while density of exploration @11-20 cm was significantly higher in TrA samples. This indicates different prevailing environmental factors eliciting two different response between TrA and Balili samples with the former focusing more resources for exploration while the latter for nutrient absorption. According to Alejar and Sese (1999) , plants growing in drier areas tend to grow longer roots as exemplified by TrA samples. It was observed that wastewater supplied to the CWs were at least 20 cm from the surface, thus forcing the plants to allocate more resources in extending their roots to reach the water. On the other hand, the wider lateral extent of Balili samples is an indicator of high water and nutrient content on the upper surface layer of the soil. Balili samples also had wider stems and greater SLA than TrA and Uncon samples, indicative of the faster growth rate of the plant due to high nutrient and water content in the littoral zone of the river. The leaf blade was 3.6-12.8 cm long by 1.9: 6.3 cm wide while stomatal density ranged from 189-268 with an overall mean of 225 stoma/mm 2 . Stomata were observed only in the abaxial epidermis. From these results, it is apparent that TrA samples did not significantly differ from Uncon sites, and hence the phytoremediation treatment did not significantly affect the plant. It is readily apparent, though, that Balili samples are significantly larger with faster growth rate indicative of the high amount of organic pollutants in the river. Also, anatomical observation of A. spinosus from three collections sites did not reveal any structural differences that could hint any effect of the pollutants or the phytoremediation treatment.
Eleusine indica (L.) Gaertn.
Results of the morphological comparison between the three samples were shown in Table 1 . Plants height of samples in the study ranged from 0.33: 0.92 m with significantly taller individuals from Balili samples. Rootmass fraction, on the other hand, was lower in TrA samples than those of the other two sites. This could be attributed to denser root system observed in Uncon and Balili samples. Root depth ranged from 0.17-0.33 m with lateral extent of 3-12 cm. Density of exploration showed that root biomass was greater in the upper 0: 10 cm layers of the soil with very low values below 20 cm depth which shows the relatively short system of this plant.
Balili samples were evidently stouter as indicated by their significantly thicker culm. Also, Balili samples had significantly larger blade and higher SLA than the other two samples. This could be readily attributed to the high organic matter content and water saturated condition of the littoral zone. Leaf blades measured at 14.7-43 cm long by 0.4-1 cm wide. SPA is significantly lowest in TrA samples which could indicate stress or unfavorable condition of the plants. This is most likely attributed to the relatively shorter root system of the plant that cannot penetrate deep enough to reach the water in the CW. Lamina and midrib thickness of the plant was also significantly lower in TrA samples. The stomatal density, on the other hand, did not differ significantly among samples. Stomatal density in the abaxial epidermis averaged at 77 stomata/mm 2 which much lower than that of adaxial epidermis at 140 stoma/mm 2 . This finding agrees with the conclusion of Zarinkamar (2006) that most species of Poaceae have higher stomatal density in the adaxial epidermis.
Anatomical characterization of E. indica revealed structural difference in roots among the three samples. Uncon and Balili samples have wide stretch of aerenchyma tissues in their cortex while TrA samples have normal parenchymatous cortex. This indicates inundated substrate in the uncontaminated site and Balili River while drier conditions in the treatment area. These result showed that E. indica was significantly affected by phytoremediation suffering significantly lower growth rate (as indicated by significantly lower SLA, leaf thickness, culm diameter) than those in the uncontaminated site. This could be attributed to the relatively short root system of the plant making it unable to tap into the water and nutrient in the wastewater within the constructed wetland. This is readily conceivable in the lack of aerenchyma in cortex of TrA samples while present in Uncon and Balili samples. This means that it's the phytoremediation set-up that affected the plant and not the pollutants. Therefore, it is recommended that phytoremediation set-up using E. indica should have shallower depth of their substrate.
Pennisetum purpureum Schumach.
Results of the comparison were presented in Table 1 . Plant height ranged from 1.2: 2.46 m with significantly taller samples from Balili River than TrA than Uncon samples. Root-mass fraction, SRL and density of exploration did not differ significantly while root depth and lateral extent are significantly lower in Uncon samples. The similarity in below-ground traits of TrA samples with Balili samples could be attributed to their similar substrate (sandy soil) which the roots can easily penetrate. This is in contrast with Uncon samples that have harder loamy soils. Culm diameter was also significantly thinner in Uncon samples.
The leaf blade was 31-106 cm long by 1-3.1 cm wide with significantly smaller values in Uncon samples. SPA, lamina and midrib thickness did not differ significantly between samples. On the other hand, leaf biomass and stomatal density were significantly lower in Uncon samples. In TrA and Balili samples, abaxial stomatal density was 116 stoma/mm 2 while much lower on adaxial epidermis at 81 and 91 stoma/mm 2 , respectively. Uncon samples had much lower values at 71 in abaxial and 62 stomata/mm 2 in adaxial epidermis. TrA and Balili samples exhibited hypostomatic stomatic distribution while Uncon samples exhibited amphistomatic (equal) distribution. The difference could be attributed to the prevailing environmental factors in the location site of the samples. The significantly lower stomatal density in Uncon samples could be attributed to the low light condition and relatively drier environment in this site. The uncontaminated site is from the slope of Mt. Jambo which is higher (=colder temp) and is usually covered with fog in the afternoon. Also, TrA samples and Balili sites are constantly saturated with wastewater thus water is not limiting. Beck (2010) found that lower stomatal density could arise from three factors namely low light condition, high atmospheric carbon dioxide concentrations and dry environment.
From these results, a clear picture is emerging. In almost half of the morphological features, TrA samples significantly differ with Uncon samples, its source, and through the course of the phytoremediation, treatment became more similar with the Balili samples: becoming as large and robust as the Balili samples. This change could be attributed, in lesser degree, to the environmental factors provided in the treatment site, namely, the sandy soil and the prevailing climatic conditions. In a greater degree, it is attributed to the nutrients in wastewater (that are actually the water pollutants) that are readily absorbed by the plants in their extensive root system. This is readily seen in the canonical correspondence analysis in Figure 7 .6. Among the 6 environmental variables assumed to affect the traits of the plant, nitrate emerged as the primary factor affecting plant growth traits such as plant height, root specific length, root depth, root lateral extent, leaf biomass, and leaf length.
These results agree with the findings of Silveira et al. (2013) and Napaldet and Bout (on press) that this plant excels in absorption of nitrate and phosphates from wastewaters. These nutrients caused a faster growth rate and larger sizes of the plants under constructed wetland. But in terms of anatomical features, there were no structural differences between the three samples.
Thus, it could readily conclude that P. purpureum was affected, to a lesser extent by the phytoremediation treatment and in a greater extent by the pollutants in the CW. The effects are in positive, beneficial ways contrary to that in E. indica. The success of P. purpureum in such treatment could be primarily attributed to its deep extensive root system enabling it to tap into the water and pollutants within the CW. In fact, the water absorption of P. purpureum is very efficient that there was no dripping water from the CW after 8-10 days of introduction.
In summary, only E. indica and P. pupureum exhibited anatomical and physiological response that could be attributed to the phytoremediation set-up or pollutants therein as shown in Table 2 . Individuals of E. indica subjected under phytoremediation had normal parenchymatous cortex and suffered significantly lower growth rate than those in the uncontaminated site. The effect on P. purpureum was opposite where higher biomass and growth rate was observed under phytoremediation treatment which could be directly attributed to the water pollutants that were absorbed as nutrients by the plant. The versatility of this plant could be attributed to its deep extensive root system making it ideal for constructed wetland treatments. On the other hand, A. spinosus and E. crassipes showed no significant morphological and anatomical difference between TrA and Uncon samples which indicate that these plants were not significantly affected by the phytoremediation treatments. Figure 6 . Result of the Canonical Correspondence Analysis showing how the environmental variables (soil texture, elevation, moisture content, temperature, nitrate, and phosphate) affected the morpho-anatomical traits of P. purpureum
In conclusion, interesting anatomical features in the studied macrophytes namely A. spinosus, E. crassipes, E. indica, and P. purpureum were discovered. Anatomical features P. purpureum was first reported in this study. Anomalous secondary growth was discovered in roots and stems of A. spinusus while P. purpureum exhibited common monocot anatomy with siphonostele roots, atactostele stem and undivided mesophyll in leaf.
Interesting observations were also noted in E. crassipes including the isobilateral anatomy of the leaf where there are two palisade layers under each epidermis and the presence of two layers of vascular bundles, each associated with the parallel palisade layers. Lastly, E. indica exhibited root, stem and leaf anatomy that was consistent with those previously described by Saw (2011) .
Results showed that the response of the aquatic macrophytes toward phytoremediation treatments or the pollutants in the CW was species-specific. In A. spinosus and E. crassipes, there were no significant morphological and anatomical difference between TrA and Uncon samples which shows that these plants were not significantly affected by the phytoremediation treatments. However, E. indica and P. purpureum were shown to be significantly affected by the phytoremediation treatment but in contrasting ways. E. indica under phytoremediation suffered significantly lower growth rate than those in the uncontaminated site. Also, the root cortex between samples differs where samples under phytoremediation have no aerenchyma while those in uncontaminated site and Balili River have. This indicates inundated substrate in uncontaminated site and Balili River while drier condition in the treatment area. These observations could be attributed to relatively short root system of the plant making it unable to tap into the water and nutrients in the wastewater within the constructed wetland. This means that it is not the pollutants that significantly affect the plant but, instead, the substrate setup. On the other hand, P. purpureum exhibited higher biomass and growth rate under phytoremediation treatment which is directly attributed to the water pollutants that were absorbed as nutrients by the plants. The versatility of this plant could be attributed to its deep extensive root system making it ideal for constructed wetland treatments.
